Upper Cretaceous Kawagarh Formation is well exposed in the Attock Hazara Fold and Thrust Belt (AHFTB) and shows significant lateral and vertical variations in lithology. The present work deals with the sedimentological studies of marl and marly limestone sequence of Kawagarh Formation exposed at the Bagh Neelab, Ghariala north and Sojhanda villages in Northern Kalachitta Range. Detailed petrographic studies of marly limestone and hard marl substrate show that planktons and oysters are the main skeletal constituents of studied samples and clay and detrital quartz mainly composed the non skeletal fraction. X-Ray diffraction analyses of selected marl samples confirm the petrographic data. On the basis of skeletal and non skeletal content, two microfacies-marl microfacies and Planktonic microfacies are constructed. The faunal content, their paleoecology and detrital content of microfacies suggest that marl and marly limestone sequence of Kawagarh Formation was deposited over the mid and outer ramp settings.
Introduction
Marls represent sole variety of mixed siliciclastic-carbonate rock that contains Open Journal of Geology variable amount of clays along with carbonate minerals. They frequently occur with limestone of diverse depositional environments. Marls are commonly interpreted as deposition of distal and deep marine settings including outer shelf and pelagic environments [1] [2] [3] [4] [5] . However, it has been developed under relatively shallow marine conditions like mid shelf environments [6] [7] .
Upper Cretaceous Kawagarh Formation is well exposed throughout the Attock Hazara Fold and Thrust Belt (AHFTB) including the Hazara Basin and Kalachitta Range (Figure 1 ). It is very diverse in lithology and shows considerable lateral and vertical variations in different parts the AHFTB [6] [8] [9] . In Hazara Basin, the eastern part of AHFTB, Kawagarh Formation is represented by a sequence of limestone with subordinate dolomite and marl [6] [7] [10] [11] [12] . Marls are absent in the northern part of Hazara Basin [7] [11] . In Kalachitta Range, the western extremity of AHFTB, it is composed of limestone and marl with minor marly limestone and dolomite [6] . Limestone and marl constitute as major lithofacies in the southern part of Kalachitta Range whereas the northern part of Kalachitta Range is exclusively represented by the sequence of marl and marly limestone [6] [8] [13] . The southern sections of Kawagarh Formation are well studied in terms of Sedimentology and paleontology but no significant sedimentological record is available on the marl and marly limestone sequence of northern sections. 
Regional Geology
Kalachitta Range, the part of AHFTB (Figure 1) 
Materials and Methods
After the thorough field excursion of northern and northwestern Kalachitta Range, three stratigraphically complete sections of Kawagarh Formation exposed at Bagh Neelab, Ghariala north and Sojhanda villages, Attock district were selected for the Sedimentological studies. All sections were exposed excellently with preserved bottoms and tops and least deformation. All sections were measured by using Jaccob Staff apparatus and measuring tape [27] . Each bed of marly limestone was sampled whereas only one sample was collected from the each marl horizon. Samples of limestone and marl were transported to laboratory for petrographic and mineralogical studies.
The limestone samples and selected hard chips of marls were thin sectioned.
Thin sections were stained following the staining technique of given by Dickson, J. (1965) [28] . Thin sections were analyzed by using Polarizing microscope to determine the skeletal and non skeletal grains, matrix and depositional fabric of studied samples. The detrital content and mineral compositions of marls were also determined by the X-Ray diffraction analyses. The microscopic and X-Ray diffraction data of studied samples were used to construct the microfacies to deduce the depositional environments of studied sections. Deposition environments of microfacies were used to establish the depositional model of marl and marly limestone sequence of Kawagarh Formation exposed in the northern part of Kalachitta Range.
Results and Discussions

Outcrop Geology
In northern Kalachitta Range, Kawagarh Formation is mainly comprised of marl with subordinate marly limestone ( Figure 3 The skeletal content mainly includes the Planktonic foraminifera and benthic fragments of oysters, trigonia and brachiopods. Non skeletal grains mainly include detrital quartz and dolomite. Some sedimentary structures including horizontal and inclined burrows, abraded shells and graded bedding were also recorded in some samples. The petrographic data including type and abundance of skeletal grains and non skeletal grains, matrix and sedimentary structures were recorded and used to construct the microfacies.
Microfacies
Microfacies analyses are frequently used to deduce the depositional settings of ancient carbonate and mixed siliciclastic-carbonate rocks [3] [27] . In present study classification of [29] has been used with slight modifications suggested by 
Marl Microfacies
Thin section studies of hard chips of marl samples show that marls contain minute content of biota. The skeletal content generally ranges from 4% to 6%.
The preservation of biota is generally very poor. The skeletal content is mainly Figure 4(d) ). The total clay content is ranges from 50% to 65%
and calcite content varies from 20% to 28%. The detrital quartz content is evaluated from 10% to 18%. Planktons are broken at places and intact to broken ratio is about 3:1.
Planktonic Wackestone and Packstone Microfacies
Detrital quartz and dolomite are major non skeletal grains of this microfacies ( Figure 5(d) ). Quartz grains are generally sub rounded and silt sized. The quartz content generally ranges from 3% to 5%. Dolomite generally occurs in form of small rhombic crystals and its content ranges from 1% to 2%. Inclined burrows are the only sedimentary structures of this microfacies and occur at places. The groundmass is generally fine grained and is dominantly composed of clay and calcite. 
Depositional Environments
Depositional Model
Carbonate deposition generally occurs in five distinct settings including rimmed shelves, non rimmed shelve, ramps, epeiric platforms and isolated platforms, 
Discussion
In vertical profiles of all three studied sections of Late Turonian to Early Maastrichtian Kawagarh Formation, the bases of all sections are marked by the marl microfacies ( Figure 7 ) directly residing over the ferruginous and slightly calcareous sandstone of Lumshiwal Formation with sharp but slightly gradational contact (Figure 3(e) ). Further, the marl microfacies are followed by Planktonic 
Conclusion
The outcrop data, microfacies analyses and the absence of slope features, reefal facies and ocean basin sediments clearly infer the ramp settings for the deposition of Upper Cretaceous Kawagarh Formation exposed in the northern Kalachitta Range. The marl microfacies were deposited under mid ramp settings while the marly limestone was deposited over the outer ramp settings. The inner ramp deposition is not recorded in the northern Kalachitta Range which indicates that the study area was located significantly distant from the land during the deposition of Kawagarh Formation.
